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$EVWUDFW 7KLV SDSHU SUHVHQWV WKH GHVLJQ FRQVLGHUDWLRQV IRU D IUDFWLRQDO VORW PXOWLSKDVH PRGXODU
SHUPDQHQW PDJQHW 30 PDFKLQH ZLWK VLQJOHOD\HU FRQFHQWUDWHG ZLQGLQJV 7KH ZLQGLQJ IDFWRUV IRU
YDULRXV VORWSROH QXPEHU FRPELQDWLRQV DUH FDOFXODWHG WR LGHQWLI\ WKH RSWLPDO VORWSROH QXPEHU
FRPELQDWLRQVIRUGLIIHUHQWSKDVHQXPEHUV,QDGGLWLRQWKHHOHFWURPDJQHWLFSHUIRUPDQFHLQIOXHQFHGE\
IOX[JDSV )*VVXFKDVDLUJDS00)EDFN(0)FRJJLQJ WRUTXHRQORDG WRUTXHDQG WRUTXH ULSSOH
HWF DUH FRPSUHKHQVLYHO\ LQYHVWLJDWHG E\ XVLQJ WKH ' ILQLWH HOHPHQW )( PHWKRG 6HYHUDO JHQHUDO
UXOHV ZLWK UHVSHFW WR WKH LQIOXHQFH RI )*V RQ PXOWLSKDVH PRGXODU 30 PDFKLQHV SHUIRUPDQFH DUH
HVWDEOLVKHG 7KH SURWRW\SHV RI PRGXODU 30 PDFKLQHV DUH EXLOW DQG WKH ILQLWH HOHPHQW UHVXOWV DUH
YDOLGDWHGZLWKH[SHULPHQWV
 ,QWURGXFWLRQ
3(50$1(17PDJQHW30PDFKLQHVKDYHEHHQLQFUHDVLQJO\DSSOLHGWRPDQ\DSSOLFDWLRQVVXFK
DVHOHFWULFDQGK\EULGYHKLFOHVDHURVSDFHDFWXDWLRQDQGUHQHZDEOHHQHUJ\HJZLQGSRZHUJHQHUDWRUV
GXH WR WKHLU LQKHUHQW DGYDQWDJHV LQFOXGLQJ KLJK WRUTXH GHQVLW\ DQG HIILFLHQF\ >@>@ +RZHYHU IRU
VRPHVDIHW\FULWLFDODSSOLFDWLRQVVXFKDVRIIVKRUHZLQGSRZHUWKH30PDFKLQHVDUHQRWRQO\UHTXLUHGWR
KDYH H[FHOOHQW SHUIRUPDQFH KLJK WRUTXH DQG HIILFLHQF\ EXW DOVR JRRG IDXOWWROHUDQW FDSDELOLW\ 7R
DFKLHYH VXFKFDSDELOLW\ WKH VLQJOHOD\HU FRQFHQWUDWHGZLQGLQJ OD\RXWV >@ DUHRIWHQ HPSOR\HGZKLFK
FDQUHGXFHWKHVKRUWFLUFXLWFXUUHQWDQGOLPLWWKHIDXOWSURSDJDWLRQEHWZHHQSKDVHV,QDGGLWLRQPXOWL
SKDVH!PDFKLQHVFDQDOVREHHPSOR\HGZKLFKSURYLGHH[WUDIUHHGRPZKHQGHDOLQJZLWKWKHIDXOWV
VXFKDVDUPDWXUHSKDVHRSHQFLUFXLWRUVKRUWFLUFXLW>@
7KHUH DUHPDQ\ LQKHUHQW DGYDQWDJHV RIIHUHG E\ PXOWLSKDVH PDFKLQHV HJ WKH LPSURYHPHQW RQ
UHOLDELOLW\WKHUHGXFWLRQLQWKHSKDVHFXUUHQWZLWKRXWWKHLQFUHDVHLQSKDVHYROWDJHDQGWKHPLWLJDWLRQRI
WKH WRUTXH ULSSOH HWF >@ 7KH LQIOXHQFH RI SKDVH QXPEHU RQ WKH ZLQGLQJ IDFWRUV FRJJLQJ WRUTXH
IUHTXHQF\DQGQHWUDGLDOIRUFHVDUHFRPSUHKHQVLYHO\LQYHVWLJDWHGLQ>@ZKLFKDOVRSURYLGHVJXLGHOLQHV
IRUVHOHFWLQJWKHRSWLPDOVORWSROHQXPEHUFRPELQDWLRQVIRUPXOWLSKDVH30PDFKLQHV)LYHSKDVH>@
>@VL[SKDVH>@>@DQGGXDOWKUHHSKDVH>@>@PDFKLQHVVLPLODUWRVL[SKDVHPDFKLQHVDUHWKH
PRVWZLGHO\VWXGLHGPXOWLSKDVHPDFKLQHVLQWKHH[LVWLQJOLWHUDWXUH ,Q>@DQRYHOGXDO WKUHHSKDVH
VORWSROH30V\QFKURQRXVPRWRUZLWKDV\PPHWULFVWDWRUZLQGLQJLVSURSRVHGSKDVHVKLIWDQJOH
EHWZHHQSKDVHV$DQG% LV(OHF'HJ UDWKHU WKDQ(OHF'HJ LQFRQYHQWLRQDO V\PPHWULFDO
PDFKLQHV LQRUGHU WRDFKLHYHJRRGSHUIRUPDQFHDQGORZHU00)KDUPRQLFFRQWHQWV ,W LVVKRZQWKDW


WKHSURSRVHGGXDOSKDVHPXOWLSKDVH30PDFKLQHRIIHUVH[WUHPHO\ORZFRJJLQJWRUTXHDQGWRUTXH
ULSSOHDQGDOVRYHU\ ORZEDFN(0) WRWDOKDUPRQLFGLVWRUWLRQ)XUWKHUPRUH WKH WRUTXHGHQVLW\ FDQEH
VOLJKWO\ LPSURYHG FRPSDUHG ZLWK WKDW RI WKH GXDO SKDVH VORWSROH 30 PDFKLQHV ZLWK
V\PPHWULFDOZLQGLQJV
$OWHUQDWLYHO\PRGXODUWRSRORJLHVZLWKVLQJOHOD\HUFRQFHQWUDWHGZLQGLQJVVXFKDVWKRVHVKRZQLQ
)LJFDQDOVREHHPSOR\HGWRLPSURYHWKHIDXOWWROHUDQWFDSDELOLWLHV'XHWRWKHIDFWWKDWWKHVHJPHQWV
DUH VHSDUDWHGSK\VLFDOO\ DQGPDJQHWLFDOO\ LQPRGXODUPDFKLQHV WKH IDXOWVZRXOGQRWSURSDJDWH IURP
RQH VHJPHQW WR DQRWKHU 7KLV FDQ UHGXFH WKH VKRUWFLUFXLW FXUUHQW DQG ZHDNHQ WKH IDXOW LQWHUDFWLRQ
EHWZHHQSKDVHV+HQFH WKHPRGXODUPDFKLQHV DUHH[FHOOHQWRSWLRQV IRU VDIHW\FULWLFDODSSOLFDWLRQVDV
ZHOO7KHUHDUHWKUHHDGYDQWDJHVWRHPSOR\LQJWKHPRGXODUVWUXFWXUHVWKHPDQXIDFWXULQJSURFHVVFDQ
EH JUHDWO\ VLPSOLILHG HVSHFLDOO\ IRU WKH ZLQGLQJ SURFHVV >@>@  PDLQWHQDQFH FDQ EH VLPSOLILHG
EHFDXVHLQVWHDGRIKDYLQJWRFKDQJHWKHHQWLUHPDFKLQHRQHFDQVLPSO\UHSODFHWKHIDXOW\VHJPHQW
WKHFRROLQJFDSDELOLW\FDQEHLPSURYHGEHFDXVHWKHIOX[JDSVFDQEHXVHGDVZDWHUGXFWVSURYLGLQJH[WUD
IUHHGRPIRUFRROLQJ>@
*LYHQ WKH SUHYLRXVO\ PHQWLRQHG DGYDQWDJHV RI PRGXODU PDFKLQHV RYHU WKHLU FRQYHQWLRQDO QRQ
PRGXODU FRXQWHUSDUWV WKH\ DUH DWWUDFWLQJ JURZLQJ DWWHQWLRQ LQ UHFHQW \HDUV 6SRRQHU HW DO KDYH
LQWURGXFHGDQHZW\SHRIPRGXODUPDFKLQHIRUZLQGWXUELQHDSSOLFDWLRQVLQ>@7KHSURSRVHGPRGXODU
PDFKLQHQRWRQO\KDVDPRGXODUVWDWRUEXWDOVRDPRGXODUURWRU7KLVFDQUHGXFHWKHDFWLYHPDVVRIWKH
PDFKLQHV DQG VOLJKWO\ LQFUHDVH WKHLU HIILFLHQF\ FRPSDUHG WR WKHLU QRQPRGXODU FRXQWHUSDUWV ZLWK WKH
VDPH PDFKLQH GLPHQVLRQV 6HYHUDO VLPLODU PRGXODU VWUXFWXUHV ZLWK IOX[ EDUULHUV LQ VWDWRU WHHWK DUH
UHSRUWHGLQ>@%\GRLQJVRWKHVWDWRUFRUHLVVHJPHQWHGE\WKHIOX[EDUULHUVDQGIRUPVPRGXODUVWDWRU
VWUXFWXUHV,Q>@DQHZVWDWRUGHVLJQE\HPSOR\LQJIOX[EDUULHUVLQWKHVWDWRU\RNHWRUHGXFHRUHYHQ
FDQFHOVXEKDUPRQLFVLQDLUJDSIOX[GHQVLW\LVSURSRVHG,WVKRZVWKDWWKHQHZVWDWRUGHVLJQUHVXOWVLQ
PRUH WKDQ UHGXFWLRQ LQ VXEKDUPRQLFV UHPDUNDEOH FRUH ORVV UHGXFWLRQDQGKLJK IOX[ZHDNHQLQJ
FDSDELOLW\
$QRYHOSKDVHPRGXODUVXUIDFHPRXQWHG30630PDFKLQHLQZKLFKWKHIOX[JDSV)*VDUH
LQVHUWHG LQWR WKH DOWHUQDWH VWDWRU WHHWK ZKLOH WKH VLQJOH OD\HU ZLQGLQJ DUH ZRXQG RQ WKH VWDWRU WHHWK
ZLWKRXW IOX[ JDSV LV SURSRVHG LQ >@ 7KLV LV VKRZQ LQ )LJ  ZKHUHݓ௧௕UHSUHVHQWV WKH WRRWK ERG\
ZLGWK 6LPLODU QRYHO PRGXODU 30 PDFKLQHV ZLWK VWDWRU WRRWK WLSV KDYH EHHQ SUHVHQWHG LQ >@ 7KH
HOHFWURPDJQHWLFSHUIRUPDQFHRIWKHSURSRVHGPRGXODU30PDFKLQHVVXFKDVDLUJDSIOX[GHQVLW\SKDVH
EDFN(0)FRJJLQJWRUTXHRQORDGWRUTXHFRSSHUDQGLURQORVVHVHWFDFFRXQWLQJIRUWKHLQIOXHQFHRI
)*VKDYHEHHQFRPSUHKHQVLYHO\ LQYHVWLJDWHGDQGVRPHJHQHUDO UXOHV IRUPRGXODU30PDFKLQHVZLWK
GLIIHUHQWVORWSROHQXPEHUFRPELQDWLRQVKDYHEHHQHVWDEOLVKHG,WZDVIRXQGWKDWWKH)*VEHWZHHQWKH
VWDWRUVHJPHQWVKDYHQHJDWLYHHIIHFWVRQWKHPRGXODU30PDFKLQHVZLWKDVORWQXPEHUKLJKHUWKDQWKH
SROHQXPEHUHJWKHDYHUDJHWRUTXHLVUHGXFHG2QWKHFRQWUDU\ZKHQWKHVORWQXPEHULVORZHUWKDQWKH


SROHQXPEHUWKHHOHFWURPDJQHWLFSHUIRUPDQFHFDQEHLPSURYHGE\FKRRVLQJDSURSHUIOX[JDSZLGWKHJ
WKHDYHUDJHWRUTXHFDQEHLQFUHDVHGZKLOHFRJJLQJWRUTXHDQGWRUTXHULSSOHFDQEHUHGXFHGDVDUHWKH
PDFKLQHLURQORVVHV
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)LJ&URVVVHFWLRQVRIPRGXODUDQGQRQPRGXODU30PDFKLQHVZLWKRSHQFLUFXLWIOX[GLVWULEXWLRQV
DSKDVHVORWSROH>@
ESKDVHVORWSROH
FSKDVHVORWSROH

1HYHUWKHOHVVWKHDYDLODEOHOLWHUDWXUHLVRQO\IRFXVHGRQSKDVHPRGXODU30PDFKLQHVDQGYHU\
IHZVWXGLHVRIPXOWLSKDVHPRGXODU30PDFKLQHVKDYHEHHQFDUULHGRXW7KHUHIRUHWRILOO LQWKLVJDS
WKHPXOWLSKDVHPRGXODU30PDFKLQHVKDYLQJGLIIHUHQWVORWSROHQXPEHUFRPELQDWLRQVDQGVLQJOHOD\HU
FRQFHQWUDWHGZLQGLQJVZLOOEHLQYHVWLJDWHGZLWKDSDUWLFXODUIRFXVRQWKHHOHFWURPDJQHWLFSHUIRUPDQFH
VXFK DV DLUJDS DUPDWXUH 00) WRUTXH HWF &RQVHTXHQWO\ VRPH JHQHUDO UXOHV ZKLFK FDQ FRYHU WKH
LQIOXHQFH RI )*V RQ WKH PXOWLSKDVH PRGXODU 30 PDFKLQHV ZLOO EH HVWDEOLVKHG DQG FDQ EH XVHG DV
GHVLJQJXLGHOLQHIRUPRGXODUPDFKLQHVLQSUDFWLFH


 :LQGLQJ$UUDQJHPHQWVRI0XOWLSKDVH0RGXODU300DFKLQHV
,Q WKLV VHFWLRQ WKH RSWLPDO VORWSROH QXPEHU FRPELQDWLRQV IRU HDFK PRGXODU30 PDFKLQH ZLWK
GLIIHUHQW SKDVH QXPEHU ZLOO EH LGHQWLILHG ILUVW VR DV WR DFKLHYH WKH KLJKHVW ZLQGLQJ IDFWRU ZKLFK LV
FDOFXODWHGEDVHGRQLWVQRQPRGXODUFRXQWHUSDUW7KHQWKHLQIOXHQFHRI)*VRQWKHZLQGLQJIDFWRUVRI
PXOWLSKDVHPRGXODU30PDFKLQHVKDYLQJGLIIHUHQWVORWSROHQXPEHUFRPELQDWLRQVZLOOEHLQYHVWLJDWHG
:LQGLQJ)DFWRUVRI1RQPRGXODU300DFKLQHV
)RU FODVVLF QRQPRGXODU DQG HTXDO WHHWK 30 PDFKLQHV ZLWKRXW FRQVLGHULQJ WKH KLJKHU RUGHU
KDUPRQLFVWKHGLVWULEXWLRQIDFWRU݇ௗWKHSLWFKIDFWRU݇௣DQGKHQFHWKHZLQGLQJIDFWRU݇௪FDQEH
FDOFXODWHGE\ ݇ௗ ൌ ሺݍߪ ?ሻݍ ሺߪ ?ሻ 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
ZKHUHݍLVWKHQXPEHURIFRLOSHUSKDVHߪLVWKHDQJXODUSKDVHDQJOHEHWZHHQDGMDFHQW(0)YHFWRUVRI
RQH SKDVH LQ (OHF 'HJ߬௣ ൌ  ?ߨ ሺ ?݌ሻ ? ZKLFK HTXDOV WR SROH SLWFK DQG WKH VORW SLWFK߬௦ ൌ  ?ߨ ௦ܰ ? 
$GGLWLRQDOO\ ௦ܰLVWKHVORWQXPEHUZKLOH݌LVWKHURWRUSROHSDLUQXPEHU$VLWLVZHOOHVWDEOLVKHGWKDW݇௣ GHSHQGV RQ WKH VORWSROH QXPEHU FRPELQDWLRQ UDWKHU WKDQ RQ WKH SKDVH QXPEHU 7KHUHIRUH WKH
FDOFXODWLRQRIZLQGLQJIDFWRULVIRFXVHGRQWKHFDOFXODWLRQVRIGLVWULEXWLRQIDFWRUVIRUIUDFWLRQDOVORW30
PDFKLQHVZLWKGLIIHUHQWSKDVHQXPEHUV
6LQFH WKH PXOWLSKDVH 30 PDFKLQHV VWXGLHG KHUH KDYH VLQJOHOD\HU FRQFHQWUDWHG ZLQGLQJV WKH
WKHRU\ GHYHORSHG LQ >@ IRU D GRXEOHOD\HU FRQFHQWUDWHG ZLQGLQJ VWUXFWXUH LV QR ORQJHU DSSOLFDEOH
WKHUHIRUH FHUWDLQ PRGLILFDWLRQV KDYH WR EH WDNHQ LQWR DFFRXQW 7KH LPSURYHG PHWKRG LV GHWDLOHG DV
IROORZV
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VLQJOH OD\HU ZLQGLQJ DQG WKH SROH SDLU QXPEHU 7KLV PHDQV WKDW WKH PDFKLQH LV FRPSRVHG E\ݐ
HOHPHQWDU\PDFKLQHVZLWKDVORWQXPEHURIேೞଶ௧DQGDSROHSDLUQXPEHURI௣௧ ݍ௣௛LVWKHQXPEHURIVORW
YHFWRUVZKLFKIRUPRQHSKDVHRIWKHHOHPHQWDU\PDFKLQHZKLOHߪ௣௛LVWKHHOHFWULFDODQJOHEHWZHHQWZR
DGMDFHQWEDFN(0)YHFWRUV
%\ XVLQJ WKH DERYH PHWKRG WKH ZLQGLQJ IDFWRUV IRU IUDFWLRQDO VORW VLQJOHOD\HU FRQFHQWUDWHG
ZLQGLQJPRGXODUPDFKLQHVZLWKGLIIHUHQWSKDVHQXPEHUVKDYHEHHQFDOFXODWHGDQGKHQFHWKHRSWLPDO
VORWSROHQXPEHUFRPELQDWLRQVIRUHDFKSKDVHQXPEHUFDQEHGHWHUPLQHGDFFRUGLQJO\7KHUHVXOWVDUH
VKRZQ LQ 7DEOH  LQ ZKLFK RQO\ WKH UHVXOWV IRU HDFK SKDVH QXPEHU ZLWK LWV UHOHYDQW PLQLPXP
DFKLHYDEOHVORWQXPEHUKDYHEHHQJLYHQ
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

)LJGHSLFWVWKH00)FRPSRQHQWVGXHWR62V)*VDQGUHVXOWDQW00)RIQRQPRGXODUDQG
PRGXODU30PDFKLQHV)RUWKHODWWHUDSKDVHPDFKLQHZLWKVORWSROHDQG)* PPLVVKRZQDV
DQ H[DPSOH ,W LV HYLGHQW WKDW WKH )*V VLJQLILFDQWO\ UHGXFH WKH VXEKDUPRQLFV ZKLOH LQFUHDVLQJ WKH
ZRUNLQJ KDUPRQLFV ZKHQ WKH VORWSROH QXPEHU FRPELQDWLRQ LV SURSHUO\ VHOHFWHG 7KLV LV EHFDXVH WKH
VXEKDUPRQLFFRPSRQHQWFDXVHGE\)*VLVDOZD\VQHJDWLYHZKLOHIRUFHUWDLQZRUNLQJKDUPRQLFVHJWKH
WKRUGHUWKHFRPSRQHQWGXHWR)*VFDQEHSRVLWLYH
 
D E
)LJ,QIOXHQFHRI)*VRQWKHDLUJDS00)RISKDVHPRGXODU30PDFKLQHV
D:DYHIRUPV
E6SHFWUD

,QRUGHUWRIXUWKHULQYHVWLJDWHWKHLQIOXHQFHRI)*VRQWKHPDLQDLUJDS00)VXEKDUPRQLFVWKH
IOX[GLVWULEXWLRQGXHWRDUPDWXUHFXUUHQWVIRUSKDVHSKDVHQRQPRGXODUDQGPRGXODU30PDFKLQHV
DUHVKRZQLQ)LJ7KHSKDVHPDFKLQHVDUHQRWVKRZQEHFDXVHLWVPDLQVXEKDUPRQLFLVVLPLODU WR
WKDWRISKDVHPDFKLQHV$VH[SHFWHGWKHPDLQDUPDWXUH00)VXEKDUPRQLFIRUWKHSKDVHPDFKLQH
LVSROHVZKLOHIRUWKHSKDVHPDFKLQHVLWLVSROHVUHJDUGOHVVRIZKHWKHUWKHPDFKLQHVDUHPRGXODU
RUQRW+RZHYHUZKHQWKHPRGXODUVWUXFWXUHLVHPSOR\HGDVVKRZQLQ)LJFDQGGWKH)*VLQWKH
VWDWRUWHHWKDGGH[WUDHTXLYDOHQWDLUJDSOHQJWKWRWKHIOX[SDWKRIWKHPDLQDUPDWXUHVXEKDUPRQLF00)
FRPSDUHGWRLWVQRQPRGXODUFRXQWHUSDUWV>)LJDDQGE@$VDUHVXOWWKHPDLQVXEKDUPRQLFVRI
DLUJDS00)IRUPRGXODU30PDFKLQHVZLWKGLIIHUHQWSKDVHQXPEHUVFDQEHVLJQLILFDQWO\UHGXFHGDV
VKRZQLQ)LJ


 
D E
 
F G
)LJ)OX[GLVWULEXWLRQGXHWRDUPDWXUHZLQGLQJRQO\SKDVHDQGSKDVH
DE1RQPRGXODU30PDFKLQHV
FG0RGXODU30PDFKLQHV

3KDVH%DFN(0)
7KHSKDVHEDFN(0)ZDYHIRUPVDQGWKHLUVSHFWUDIRUPRGXODU30PDFKLQHVZLWKGLIIHUHQWSKDVH
QXPEHUVSKDVHLVQRWVKRZQKHUHGXHWRWKHOLPLWHGVSDFHDQG)*ZLGWKVDUHVKRZQLQ)LJ2QO\
WKH UHVXOWV RI SKDVH $ DUH SUHVHQWHG ,W LV IRXQG WKDW IRU PXOWLSKDVH PRGXODU 30 PDFKLQHV KDYLQJ௦ܰ ൐  ?݌ WKH IXQGDPHQWDO SKDVH EDFN(0)V DOZD\V GHFUHDVH ZLWK WKH LQFUHDVH LQ )* ZLGWK :KHQ௦ܰ ൏  ?݌WKHIXQGDPHQWDOSKDVHEDFN(0)KDUPRQLFVFDQEHLPSURYHGE\DSSURSULDWHO\VHOHFWLQJWKH
)*ZLGWK6XFKIHDWXUHVDUHVLPLODUWRWKHDLUJDS00)SHUIRUPDQFHDVGLVFXVVHGLQVHFWLRQDQG
DUHPDLQO\GXHWRWKHLQIOXHQFHRI)*VRQZLQGLQJIDFWRUV
 
D E


 
F G
)LJ%DFN(0)ZDYHIRUPVDQGVSHFWUD
DESKDVHPRGXODU30PDFKLQHV
FGSKDVHPRGXODU30PDFKLQHV

&RJJLQJ7RUTXH
,WKDVEHHQHVWDEOLVKHGLQ>@WKDWWKHSHULRGLFLW\DQGWKHDPSOLWXGHRIFRJJLQJWRUTXHIRUQRQ
PRGXODU30PDFKLQHVPDLQO\GHSHQGRQWKHYDOXHRI ௖ܰZKLFKLVWKHOHDVWFRPPRQPXOWLSOH/&0
EHWZHHQWKH ௦ܰDQGWKH ?݌7KHKLJKHUWKH1FLVWKHORZHUWKHFRJJLQJWRUTXHZLOOEH+RZHYHUZKHQ
WKH PRGXODU VWUXFWXUH LV HPSOR\HG WKH YDOXH RI ௖ܰ EHFRPHV ௖ܰ௠ GXH WR WKH FKDQJH LQ VWDWRU FRUH
V\PPHWU\ ௖ܰ௠FDQEHREWDLQHGE\FDOFXODWLQJWKH/&0EHWZHHQ ?݌DQGWKHQXPEHURI)*V>@
%\ ZD\RIH[DPSOH WKHRSWLPDO VORWSROHQXPEHU FRPELQDWLRQV WR DFKLHYH WKHKLJKHVWZLQGLQJ
IDFWRUIRUSKDVHPRGXODU30PDFKLQHVDUHVORWSROHDQGVORWSROHDQGWKHQXPEHURI)*V
LV+HQFHWKHYDOXHVRI ௖ܰ௠DUHDQGUHVSHFWLYHO\+RZHYHUIRUSKDVHPRGXODU30PDFKLQHV
WKHRSWLPDOVORWSROHQXPEHUFRPELQDWLRQVDUHVORWSROHDQGVORWSROHDQGWKH)*QXPEHU
LV OHDGLQJ WR ௖ܰ௠RIDQG UHVSHFWLYHO\$VD UHVXOW WKHSHDNWRSHDNFRJJLQJ WRUTXHVRI
SKDVHPRGXODU30PDFKLQHVDUHDOZD\VKLJKHUWKDQWKRVHRISKDVHPRGXODU30PDFKLQHVDVVKRZQ
LQ)LJ0RUHRYHU IRUGLIIHUHQWPXOWLSKDVHPDFKLQHV LI WKH VORWSROHQXPEHUFRPELQDWLRQ DQG)*
ZLGWK DUH SURSHUO\ VHOHFWHG WKH SHDNWRSHDN FRJJLQJ WRUTXH FDQ EH VLJQLILFDQWO\ UHGXFHG 7KLV ZLOO
KDYHDSURIRXQGLPSDFWRQWKHWRUTXHULSSOHDVZLOOEHLQYHVWLJDWHGLQWKHIROORZLQJVHFWLRQ
 
D E
)LJ3HDNWRSHDNFRJJLQJWRUTXHRIPRGXODU30PDFKLQHVZLWKGLIIHUHQWSKDVHQXPEHUV
D ௦ܰ ൐  ?݌E ௦ܰ ൏  ?݌
2QORDG7RUTXHDQG7RUTXH5LSSOH


7KH UHVXOWV RI DYHUDJH WRUTXH DQG WRUTXH ULSSOH RI PRGXODU 30 PDFKLQHV ZLWK GLIIHUHQW SKDVH
QXPEHUVDQGVXSSOLHGE\VLQXVRLGDOZDYHIRUPFXUUHQWVWKHSKDVH506FXUUHQWVDUHJLYHQLQ7DEOH
DUH VKRZQ LQ )LJ  ,W FDQ EH IRXQG WKDW WKH DYHUDJH WRUTXHV RI WKH PRGXODU 30 PDFKLQHV KDYLQJ௦ܰ ൐  ?݌ GHFUHDVH ZLWK WKH LQFUHDVLQJ IOX[ JDS ZLGWK UHJDUGOHVV RI SKDVH QXPEHU +RZHYHU IRU WKH
PRGXODU30PDFKLQHVKDYLQJ ௦ܰ ൏  ?݌WKHDYHUDJHWRUTXHVFDQEHPD[LPL]HGE\VHOHFWLQJDSSURSULDWH
)*ZLGWKV7KLVLVPDLQO\GXHWRWKHLPSDFWVRI)*VRQWKHDUPDWXUH00)ZRUNLQJKDUPRQLFVDQGWKH
IXQGDPHQWDOKDUPRQLFVRISKDVHEDFN(0)VDVGHWDLOHGSUHYLRXVO\
 
D E
 
F G
)LJ$YHUDJHWRUTXHDQGWRUTXHULSSOHYHUVXVIOX[JDSZLGWKRIPRGXODU30PDFKLQHVZLWKGLIIHUHQWSKDVHQXPEHUV
DE ௦ܰ ൐  ?݌FG ௦ܰ ൏  ?݌
7KH WRUTXH ULSSOHV SHDNWRSHDN WRUTXHV IROORZ D VLPLODU WUHQG DV WKH SHDNWRSHDN FRJJLQJ
WRUTXH7KLVLVPDLQO\GXHWRWKHIDFWWKDWKLJKHURUGHUKDUPRQLFVSDUWLFXODUO\WKHWKDQGWKDUHTXLWH
ORZLQWKHSKDVHEDFN(0)VRIPRGXODUPDFKLQHVDQGKHQFHWKHWRUTXHULSSOHVGXHWR(0)KDUPRQLFV
DUHPXFKOHVVGRPLQDQWWKDQWKRVHGXHWRFRJJLQJWRUTXHV
 ([SHULPHQWDO9DOLGDWLRQ
,Q RUGHU WR YDOLGDWH WKH SUHGLFWLRQV FDUULHG RXW SUHYLRXVO\ WKH SKDVH VORWSROH DQG 
VORWSROHSURWRW\SHPRGXODU30PDFKLQHVZLWKRXWWRRWKWLSVKDYHEHHQEXLOWZKLFKDUHUHIHUUHGWRLQ
>@7KHGHVLJQSDUDPHWHUVDUHJLYHQLQ7DEOHDQG7DEOH
3KDVH%DFN(0)


7KH SKDVH EDFN(0)V RI WKH SURWRW\SHV DUH PHDVXUHG DQG FRPSDUHG ZLWK WKH FRUUHVSRQGLQJ
SUHGLFWHG UHVXOWV DV VKRZQ LQ )LJ  $ JRRG PDWFK FDQ EH REWDLQHG EHWZHHQ WKH SUHGLFWHG DQG
PHDVXUHGUHVXOWV
 
D E

F
)LJ3UHGLFWHGDQGPHDVXUHGSKDVHEDFN(0)V
DVORWSROH
EVORWSROH
F6SHFWUDRISKDVH$DVDQH[DPSOH

6WDWLF7RUTXH
7KHVWDWLFWRUTXHDJDLQVWWKHURWRUSRVLWLRQFDQEHPHDVXUHGE\HPSOR\LQJWKHPHWKRGSUHVHQWHG
LQ>@DQGWKHWHVWULJLVVKRZQLQ)LJD7KHVXSSO\FXUUHQWVWRSKDVHV$ܫ஺ሻ%ܫ஻ሻDQG&ܫ஼ሻ
DUH VHW DVܫ஺ ൌ െܫ஻Ȁ ? ൌ െܫ஼Ȁ ? ൌ ܫ ZKHUHܫLV D '& DQG FDQ EH FKDQJHG WR UHSUHVHQW GLIIHUHQW ORDG
FRQGLWLRQV,WLVHYLGHQWIURP)LJEWKDWWKHSUHGLFWHGDQGPHDVXUHGUHVXOWVDUHLQJRRGDJUHHPHQW
IRUDOOSURWRW\SHPDFKLQHV
 
D E
)LJ6WDWLFWRUTXHPHDVXUHPHQW, $
D7KHSURWRW\SHPDFKLQHVDQGWKHWHVWULJ
E6WDWLFWRUTXHYHUVXVURWRUSRVLWLRQ


 &RQFOXVLRQ
0XOWLSKDVHPRGXODU30PDFKLQHVZLWKVLQJOHOD\HUFRQFHQWUDWHGZLQGLQJVZHUHLQYHVWLJDWHGLQ
WKLVSDSHU7KHRSWLPDOVORWSROHQXPEHUFRPELQDWLRQVIRUPRGXODU30PDFKLQHVZLWKGLIIHUHQWSKDVH
QXPEHUV ZHUH LGHQWLILHG 7KH HOHFWURPDJQHWLF SHUIRUPDQFH VXFK DV ZLQGLQJ IDFWRUV DLUJDS 00)
EDFN(0) FRJJLQJ WRUTXH DYHUDJH WRUTXH DQG WRUTXH ULSSOHKDYHEHHQ LQYHVWLJDWHG LW GHPRQVWUDWHG
WKDW
x 7KH PDLQ VXEKDUPRQLFV RI DLUJDS 00) DUH VLJQLILFDQWO\ UHGXFHG E\ HPSOR\LQJ WKH PRGXODU
WRSRORJLHV IRU PXOWLSKDVH 30 PDFKLQHV 7KLV FDQ ODUJHO\ PLWLJDWH WKH QHJDWLYH HIIHFWV RQ WKH
HOHFWURPDJQHWLFSHUIRUPDQFHGXHWRVXFKVXEKDUPRQLFV
x )RU PXOWLSKDVH PRGXODU 30 PDFKLQHV KDYLQJ ௦ܰ ൐  ?݌ WKH )*V KDYH QHJDWLYH HIIHFWV RQ WKH
HOHFWURPDJQHWLF SHUIRUPDQFH VXFK DV GHFUHDVLQJ WKHZLQGLQJ IDFWRUV 00) ZRUNLQJ KDUPRQLFV
DQGDYHUDJHWRUTXHVHWF
x )RU WKH PXOWLSKDVH PRGXODU 30 PDFKLQHV KDYLQJ ௦ܰ ൏  ?݌ LI WKH IOX[ JDS ZLGWK LV SURSHUO\
VHOHFWHG WKH )*V FDQ LPSURYH WKH HOHFWURPDJQHWLF SHUIRUPDQFH VXFK DV LQFUHDVLQJ DYHUDJH
WRUTXHVDQGUHGXFLQJWKHWRUTXHULSSOHV
7KH SUHGLFWLRQV REWDLQHG E\ )( KDYH EHHQ YDOLGDWHG E\ WKH H[SHULPHQWV 7KH JHQHUDO UXOHV
HVWDEOLVKHGLQWKLVSDSHUVXPPDUL]HGWKHLQIOXHQFHRI)*VRQWKHHOHFWURPDJQHWLFSHUIRUPDQFHRIPXOWL
SKDVH PRGXODU 30 PDFKLQHV $OWKRXJK RQO\ WKUHH IRXU DQG ILYHSKDVH FDVHV DUH GLVFXVVHG WKH
FRQFOXVLRQV DFKLHYHG LQ WKLV SDSHU FDQ EH H[WHQGHG WR PRGXODU 30 PDFKLQHV ZLWK DOO RWKHU SKDVH
QXPEHUV DQG FDQ EH XVHG DV GHVLJQ JXLGHOLQHV IRU PXOWLSKDVH PRGXODU 30 PDFKLQHV LQ SUDFWLFDO
DSSOLFDWLRQV )XUWKHU DOWKRXJK RQO\ VPDOO VL]H PDFKLQHV KDYH EHHQ LQYHVWLJDWHG LQ WKLV SDSHU IRU WKH
H[SHULPHQWDO YDOLGDWLRQ SXUSRVH WKH HVWDEOLVKHG JHQHUDO UXOHV FDQ EH H[WHQGHG WR WKH GHVLJQ DQG
DQDO\VLVRIODUJH30PDFKLQHVHJRIIVKRUHZLQGJHQHUDWRUV
 5HIHUHQFH
>@ :DQJ - 3DWHO 9 , DQG :DQJ : 
)UDFWLRQDOVORW SHUPDQHQW PDJQHW EUXVKOHVV PDFKLQHV ZLWK ORZ VSDFH
KDUPRQLFFRQWHQWV
,(((7UDQV0DJQSS
>@ =KX=4DQG+RZH' 
(OHFWULFDOPDFKLQHVDQGGULYHVIRUHOHFWULFK\EULGDQGIXHOFHOOYHKLFOHV
3URF,(((
$SUSS
>@ %HNND 1 =DLP 0 ( %HUQDUG 1 HW DO 
2SWLPL]DWLRQ RI WKH 00) IXQFWLRQ RI IUDFWLRQDO VORW FRQFHQWUDWHG
ZLQGLQJV
3URF,QW&RQI(OHFWU0DFK,&(0%HUOLQ*HUPDQ\6HSSS
>@ %LDQFKL1DQG3UH0' 
8VHRIWKHVWDURIVORWV LQGHVLJQLQJIUDFWLRQDOVORWVLQJOHOD\HUV\QFKURQRXVPRWRUV

,((3URF(OHF3RZHU$SSO0D\SS
>@ $SVOH\-0:LOOLDPVRQ66PLWK$&HWDO 
,QGXFWLRQPRWRUSHUIRUPDQFHDVD IXQFWLRQRISKDVHQXPEHU

,((3URF(OHF3RZHU$SSO1RYS
>@ .OLQJVKLUQ ( $ 
+LJK SKDVH RUGHU LQGXFWLRQ PRWRUV3DUW ,'HVFULSWLRQ DQG WKHRUHWLFDO FRQVLGHUDWLRQV
 ,(((
7UDQV3RZHU$SSDUDWXV6\VW3$6SS
>@ 5HIDLH $ 0 ( 6KDK 0 5 4X 5 HW DO 
(IIHFW RI QXPEHU RI SKDVHV RQ ORVVHV LQ FRQGXFWLQJ VOHHYHV RI
VXUIDFH30PDFKLQHURWRUVHTXLSSHGZLWKIUDFWLRQDOVORWFRQFHQWUDWHGZLQGLQJV
,(((7UDQV,QG$SSO
SS
>@ 3DUVD/DQG7ROL\DW+$
0XOWLSKDVHSHUPDQHQWPDJQHWPRWRUGULYHV
3URFWK,QG$SSO&RQI,$6$QQX
0HHWLQJ2FWSS
>@ 3DUVD / 7ROL\DW + $ DQG *RRGDU]L $ 
)LYHSKDVH LQWHULRU SHUPDQHQWPDJQHW PRWRUV ZLWK ORZ WRUTXH
SXOVDWLRQ
,(((7UDQV,QG$SSOSS


>@ 6DGHJKL6*XR/7ROL\DW+$HWDO
:LGHRSHUDWLRQDOVSHHGUDQJHRIILYHSKDVHSHUPDQHQWPDJQHWPDFKLQHV
E\XVLQJGLIIHUHQWVWDWRUZLQGLQJFRQILJXUDWLRQV
,(((7UDQV,QG(OHFWURQSS
>@ 7ROL\DW + $ :DLNDU 6 3 DQG /LSR 7 $ 
$QDO\VLV DQG VLPXODWLRQ RI ILYHSKDVH V\QFKURQRXV UHOXFWDQFH
PDFKLQHVLQFOXGLQJWKLUGKDUPRQLFRIDLUJDS00)
,(((7UDQV,QG$SSOSS
>@ +XLOLQ . =KRX / DQG :DQJ - 
+DUPRQLF ZLQGLQJ IDFWRUV DQG 00) DQDO\VLV IRU ILYHSKDVH IUDFWLRQDOVORW
FRQFHQWUDWHGZLQGLQJ3060
3URF,QW&RQI(OHFWU0DFK6\VW,&(06%XVDQ6RXWK.RUHD2FW
SS
>@ %DUFDUR0%LDQFKL1DQG0DJQXVVHQ)
6L[SKDVHVXSSO\IHDVLELOLW\XVLQJD30IUDFWLRQDOVORWGXDOZLQGLQJ
PDFKLQH
,(((7UDQV,QG$SSOSS
>@ $EGHO.KDOLN $ 6 $KPHG 6 DQG 0DVVRXG $ 0 
$ VL[SKDVH VORWSROH SHUPDQHQWPDJQHW PDFKLQH
ZLWKORZVSDFHKDUPRQLFVIRUHOHFWULFYHKLFOHDSSOLFDWLRQV
,(((7UDQV0DJQSS
>@ 3DWHO9,:DQJ-:DQJ:HWDO 
6L[SKDVHIUDFWLRQDOVORWSHUSROHSHUSKDVHSHUPDQHQWPDJQHWPDFKLQHV
ZLWKORZVSDFHKDUPRQLFVIRUHOHFWULFYHKLFOHDSSOLFDWLRQ
,(((7UDQV,QG$SSOSS
>@ %DUFDUR0%LDQFKL1DQG0DJQXVVHQ)
$QDO\VLVDQGWHVWVRIDGXDOWKUHHSKDVHVORWSROHSHUPDQHQW
PDJQHWPRWRU
,(((7UDQV,QG$SSOSS
>@ 'HPLU<DQG$\GLQ0
$QRYHOGXDOWKUHHSKDVHSHUPDQHQWPDJQHWV\QFKURQRXVPRWRUZLWKDV\PPHWULFVWDWRU
ZLQGLQJ
,(((7UDQV0DJQSS
>@ =KX=4$]DU=DQG2PEDFK*
,QIOXHQFHRIDGGLWLRQDODLUJDSVEHWZHHQVWDWRUVHJPHQWVRQFRJJLQJWRUTXH
RISHUPDQHQWPDJQHWPDFKLQHVKDYLQJPRGXODUVWDWRUV
,(((7UDQV0DJQSS
>@ %LFNHO%)UDQNH-DQG$OEUHFKW7
0DQXIDFWXULQJFHOOIRUZLQGLQJDQGDVVHPEOLQJDVHJPHQWHGVWDWRURI30
V\QFKURQRXVPDFKLQHVIRUK\EULGYHKLFOHV
3URFQG,QW(OHF'ULYHV3URGXFWLRQ&RQI('3&1XUHPEHUJ
*HUPDQ\2FWSS
>@ 1ROODX $ DQG *HUOLQJ ' 
1RYHO FRROLQJ PHWKRGV XVLQJ IOX[EDUULHUV
 3URF ,QW &RQI (OHFWU 0DFK ,&(0
%HUOLQJ*HUPDQ\6HSSS
>@ 6SRRQHU(:LOOLDPVRQ$&DQG&DWWR*
0RGXODUGHVLJQRISHUPDQHQWPDJQHWJHQHUDWRUVIRUZLQGWXUELQHV

,((3URF(OHF3RZHU$SSO6HSSS
>@ 'DMDNX*DQG*HUOLQJ' 
/RZFRVWVDQGKLJKHIILFLHQF\HOHFWULFPDFKLQHV
3URFQG,QW('3&1XUHPEHUJ
*HUPDQ\2FWSS
>@ 'DMDNX * ;LH : DQG *HUOLQJ ' 
5HGXFWLRQ RI ORZ VSDFH KDUPRQLFV IRU WKH IUDFWLRQDO VORW FRQFHQWUDWHG
ZLQGLQJVXVLQJDQRYHOVWDWRUGHVLJQ
,(((7UDQV0DJQSS
>@ /L*-=KX=4)RVWHU0HWDO
&RPSDUDWLYHVWXGLHVRIPRGXODUDQGXQHTXDOWRRWK30PDFKLQHVHLWKHUZLWK
RUZLWKRXWWRRWKWLSV
,(((7UDQV0DJQSS
>@ /L*-=KX=4&KX:4HWDO 
,QIOXHQFHRIIOX[JDSVRQHOHFWURPDJQHWLFSHUIRUPDQFHRIQRYHOPRGXODU
30PDFKLQHV
,(((7UDQV(QHUJ\&RQYHUVSS
>@ %LDQFKL13UH0'DQG$OEHUWL/
7KHRU\DQGGHVLJQRIIUDFWLRQDOVORW30PDFKLQHV
&/(833UHVV
>@ =KX = 4 5XDQJVLQFKDLZDQLFK 6 DQG +RZH ' 
6\QWKHVLV RI FRJJLQJWRUTXH ZDYHIRUP IURP DQDO\VLV RI D
VLQJOHVWDWRUVORW
,(((7UDQV,QG$SSOSS
>@ /L* -5HQ %=KX=4 HW DO 
&RJJLQJ WRUTXH PLWLJDWLRQRI PRGXODUSHUPDQHQW PDJQHW PDFKLQHV
 ,(((
7UDQV0DJQSS
>@ =KX=4 
$VLPSOHPHWKRGIRUPHDVXULQJFRJJLQJWRUTXHLQSHUPDQHQWPDJQHWPDFKLQHV
3URF,(((3RZHU	
(QHUJ\6RF*HQHUDO0HHW&DOJDU\&DQDGD-XOSS

